Abstract. We report on a japanese girl with hdr (hypoparathyroidism, sensorineural deafness, and renal dysplasia) syndrome who developed diabetes mellitus (dM) at three years of age (blood glucose 713 mg/dL, hba 1c 8.0%) in the absence of anti-glutamic acid decarboxylase autoantibodies. Mutation analysis revealed a de novo heterozygous two base pair deletion at exon 6 of the GATA3 gene (c.1200_1201delca; p.h400fsX506). GATA3 expression was identified by PCR amplification for human pancreas cDNA, and mouse Gata3 was weekly but unequivocally expressed in pancreatic β cells. The results, in conjunction with the previous findings indicating the critical role of GATA3 in lymphocyte function, suggest that GATA3 haploinsufficiency may affect the function of β cells and/or lymphocytes, leading to the development of dM in relatively exceptional patients with high susceptibility to dM.
HDR (hypoparathyroidism, sensorineural deafness, and renal dysplasia) syndrome is an autosomal dominant disorder first reported by Bilous et al. [1] . This condition is primarily caused by haploinsufficiency of GATA3 on chromosome 10p15, although a GATA3 mutation has not been identified in several patients with hdr syndrome-compatible clinical features [2, 3] . GATA3 consists of six exons, and encodes a transcription factor with two transactivation domains and two zinc finger domains [2] . GATA3 is expressed in the developing parathyroid glands, inner ears, and kidneys, together with thymus and central nervous system [4, 5] . While several non-triad features such as pyloric stenosis, ventricular septal defect, polycystic ovary, abnormal Müllerian duct structures, and hemimegalencephaly have been described in several patients with GATA3 mutations [3, [6] [7] [8] , there is no report documenting diabetes mellitus (dM) in this condition.
here, we report a patient with dM and a GATA3 mutation, and discuss a potential relationship between dM and a GATA3 mutation.
Case Report
This japanese girl was born at 37 weeks of gestation after an uncomplicated pregnancy and delivery. at birth, her length was 43.0 cm (-2.4 sd) and her weight 1.74 kg (-3.1 sd). The non-consanguineous parents and the younger brother were clinically normal.
at 3 months of age, she was admitted to osaka city Medical center because of frequent vomiting and irritability. routine laboratory tests revealed hypocalcemia (7.8 mg/dL) (age-and sex-matched japanese reference value, 9.8-11.6 mg/dL) and hyperphosphatemia (8.3 mg/dL) (5.1-7.1 mg/dL), and subsequent biochemical studies showed parathyroid hormone (PTH) deficiency (intact PTH, below 5 pg/mL) (10-50 pg/mL). Thus, 1α-(oh) vitamin d therapy was started, successfully normalizing serum calcium and phosphate values. at 12 months of age, since she ing PCR products were subcloned with a TOPO TA cloning Kit (invitrogen, carlsbad, ca), and normal and mutant alleles were sequenced separately.
PCR amplification of human pancreas cDNA
human pancreas cdna was purchased from clontech (Mountain View, ca), as well as fetal kidney cDNA utilized as a positive control. PCR amplification was performed with 0.5 ng of cdna samples, using the forward primer for exon 5 (5'-gaaTgccaaTggggacccTgT-3') and the reverse primer for exon 6 (5'-TTcaTgccTTacagcTacccaga-3').
In situ hybridization (ISH) analysis for the mouse pancreas
Fifteen-week-old female BDF1 mice (Clea Japan, Tokyo) were anesthetized with sodium pentobarbital and fixed by cardiac perfusion with Mildform10N (Wako Pure Chemical Industries, Osaka). Pancreatic tissues were dissected and fixed with the same fixative for 48 hours at room temperature. The tissues were embedded in paraffin, and serial tissue sections were prepared at 5 µm thickness. ish analysis was performed with BlueMap Kit and Discovery automatic staining modules (Ventana Medical systems, Tucson, az) according to manufacturer's instructions. cdnas of mouse Ins-1 (an insulin-like peptide orthologous to human insulin) (nt 653-1117, GenBank accession no. X04725) and Gata3 (nt 1566-2002, GenBank accession no. NM_008091) were amplified by reverse transcription PCR and subcloned into pCR4Blunt-TOPO (invitrogen). sense and antisense digoxigenin-labeled rna probes were synthesized using T7 or T3 rna polymerase in the presence of digoxigenin-labeled dUTP following the manufacturer's protocol (Roche Molecular Biochemicals, Indianapolis, IN).
Results

Mutation analysis of GATA3
This patient had a heterozygous two base pair deletion at exon 6 (c.1200_1201delca) of GATA3 that is predicted to cause a frameshift at the 400th codon for the histidine and resultant termination at the 506th codon (p.h400fsX506) (Fig. 1) . This mutation was absent from the parents.
PCR amplification of human pancreas cDNA
PCR products of 690 bp long were identified in feresponded poorly to sounds, auditory brainstem response was performed, indicating severe sensorineural deafness with hearing levels being 80 dB for the right ear and 100 dB for the left ear (normal range, below 25 dB). Thus, hearing aids were utilized in her daily life. at 3 years of age, she showed polydipsia, polyuria, and weight loss, and was diagnosed as having dM because of elevated blood glucose (713 mg/dL) (70-110 mg/dL) and hba 1c (8.0%) (4.3-5.8%). serum insulin was 8.0 µu/mL (1.7-10.4µu/mL) and c-peptide 1.1 ng/mL (0.6-1.8 ng/mL). she was immediately placed on insulin therapy (~0.7 u/kg/day). urine c-peptide gradually decreased and became undetectable at eight years of age; at that time, she required insulin therapy of 1.08 u/kg/day. anti-glutamic acid decarboxylase autoantibodies (anti-gad abs) were negative throughout the clinical course. at nine years of age, she was found to have elevated blood urea nitrogen (61.3 mg/dL) (7.5-19.3 mg/dL) and creatinine (2.0 mg/dL) (0.4-0.8 mg/dL) at the time of periodical follow-up examinations for dM. Thus, renal echography and scntigraphy were performed, showing right renal aplasia and left renal hypoplasia. other abdominal visceral organs including the pancreas exhibited apparently normal structures on the ultrasound examinations. chromosome analysis revealed a 46,XX karyotype in all the 50 lymphocytes examined. on the basis of the above findings, she was diagnosed as having hdr syndrome and dM. at present, she is 12 years old, and shows short stature (-4.5 sd) and some pubertal development (breast, Tanner stage 2). current insulin dosage is 1.17 u/kg/day, and her dM has been well controlled with hba1c value being maintained around 6.0%.
Methods
Mutation analysis of GATA3
This study was approved by the institutional Review Board Committee at National Center for Child health and development. after obtaining informed consent, leukocyte genomic dna samples of the patient and the parents were PCR-amplified for the coding exons 2-6 and their splice sites, and the PCR products were subjected to direct sequencing from both directions on a CEQ 8000 autosequencer (Beckman coulter, Fullerton, ca). The primer sequences and the PCR conditions were as described previously [2, 3] . To confirm a heterozygous mutation, the correspond-ceptibility to dM because of other genetic and environmental factors. in this regard, the absence of antigad abs may argue for possible β cell, rather than lymphocyte, dysfunction [13] . tal kidney after 25 cycles and in pancreas after 40 cycles (Fig. 2a) . This indicated relatively weak GATA3 expression in the pancreas.
ISH analysis for the mouse pancreas
anti-sense probes for Gata3 detected weak but definitive signals in cells with strong Ins-1 expression (Fig. 2B) . This showed specific Gata3 expression in the mouse pancreatic β cells.
Discussion
This patient had the triad of the hdr syndrome and a heterozygous mutation of GATA3. This is consistent with the previous data indicating that GATA3 mutations are usually identified in patients with two or three of the hdr triad features [9, 10] .
The salient feature of this patient is the development of dM. This may be co-incidental, because dM has not been identified in patients with GATA3 mutations. however, human GATA3 was identified in the human pancreas cdna sample, and mouse Gata3 was weekly but unequivocally expressed in pancreatic β cells. in addition, GATA3 is known to play an important role in lymphocyte development and function [11, 12] . Thus, GATA3 haploinsufficiency may affect the function of β cells and/or lymphocytes, leading to the development of dM in relatively exceptional patients with high sus- The black and white boxes denote the coding and the untranslated regions, respectively. Ta1 and Ta2 denote two transactivation domains, and zF1 and zF2 represent two zinc finger domains.
Lower diagram: The electrochromatograms delineate the c.1200_1201delca (p.h400fsX506) mutation at exon 6. This mutation has been indicated by the direct sequencing, and confirmed by the subsequently performed sequencing of the subcloned normal and mutant alleles.
The frameshift mutation resided on the last coding exon 6. since the position of the mutation satisfies the condition for the escape from nonsense mediated mrna decay [14] , it is possible that an aberrant gaTa3 protein is produced, leading to the development of dM due to a dominant negative effect. however, this possibility is unlikely, because previously reported patients with nonsense or frameshift mutations on exon 6 are free from dM [3, 10] . in summary, we observed a patient with a GATA3 mutation and dM. Further studies will clarify whether GATA3 mutations can be a risk factor for the development of dM.
